The stored blood employed during World War II for the treatment of battle casualties was almost exclusively group-O blood, in consequence of which patients of blood groups A, B and AB were obliged to receive incompatible isoagglutinins in the course of transfusion. Anti-A and anti-B isoagglutinins, incompletely absorbed in the process of pooling, were likewise contained in the dried plasma supplied by the Army. Thus, all patients of blood groups other than group 0 receiving pooled plasma, and over 50 per cent of those who were transfused with whole blood were subjected to the injection of incompatible isoagglutinins.
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The preponderance of evidence in the literature indicates that the transfusion of group-O blood into recipients of other blood groups rarely produces serious reactions (1) . The most extensive observations in this connection were reported by Aubert et al. (2) , who described instances of chills, fever and evidences of blood destruction, but no serious complications following such transfusions. Reports of severe reactions in response to the injection of incompatible group-O blood have, however, appeared from time to time. A proper evaluation of such records in the earlier literature is difficult, because of the lack of data pertaining to Rh compatibility, but isolated cases have more recently been described (3 to 5) in which the Rh factor clearly could not be implicated. The present report is based on a detailed study of transfusion recipients, including 85 soldiers who received incompatible isoagglutinins in varying amounts. This investigation has been conducted for the purpose of determining in what manner and to what extent humans may react to the administration of whole blood and plasma containing these isoagglutinins, with the hope that such observations might yield data of practical 1 Major, M.C., A.U.S. significance pertaining to the practice of transfusion therapy, or, possibly, of theoretical interest in relation to hemolytic processes in general.
MATERIALS AND METHODS
The sera of 184 blood donors were examined in order to estimate the relative frequency with which individuals of group-O blood are encountered who exhibit a high titer of isoagglutinins. These donors, selected at random, were all healthy adult males and females. Pooled washed erythrocytes of groups A and B were employed as the test cells, prepared in the form of a 2 per cent suspension in normal saline solution. Agglutination was read grossly and microscopically after centrifuging the test preparations. The titer values are expressed in terms of the final dilution following addition of the cell suspension, and the incidence of occurrence is recorded in Table I . Isoagglu- (6) , modified to permit the use of dried anti-A and anti-B grouping sera (Lederle), a step which eliminated the factor of dilution by serum. The mixture of dried serum and cell suspension was centrifuged for 1 minute and subsequently allowed to stand for 5 minutes, following which the cells were resuspended. The nonagglutinated cells were counted in a standard hemocytometer, and this count compared with a similar count done on the cell suspension to which no grouping serum had been added. The reliability of this method was established through control counts performed on preparations containing 0 and A cells in known proportions.
Measurements of the plasma hemoglobin concentration were performed by the method of Bing and Baker (7), modified for the photoelectric cell colorimeter. Careful precautions were observed in obtaining plasma specimens for this determination. Three ml. of blood were removed from a vein, using a 10 ml. syringe moistened with 2% per cent sodium citrate solution, and introduced into a small test tube containing 0.4 ml. of 2½ per cent sodium citrate solution. The tube was then stoppered with a waxed cork and inverted once. Immediately thereafter it was centrifuged slowly for 5 minutes; the supernatant fluid was again centrifuged rapidly for 5 minutes, and this supernatant material employed for the determination. With this technique it was possible consistently to obtain values for plasma hemoglobin less than 2 mgm. per cent in normal subjects. In determining the concentration of serum or plasma bilirubin in specimens containing free hemoglobin, a correction factor was employed to eliminate an additive error due to the presence of hemoglobin.
Serum bilirubin concentrations were determined by the Van den Bergh method (8) The patient, whose blood was group-A Rh+ had received a gunshot wound of the right leg, following which he had been given 3 transfusions of whole blood. Two weeks later he received a transfusion of fresh group-O blood. Twenty minutes after the transfusion was started, 350 ml. of blood having been injected, he began to complain of back pain, nausea, vomiting and chilliness. The transfusion was promptly halted. A specimen of urine obtained immediately after the reaction contained a moderate amount of hemoglobin, but subsequent samples were hemoglobin-free, and urine secretion remained undiminished. The plasma hemoglobin concentration immediately after the transfusion was 86 mgm. per 100 ml.; two hours later it was 32 mgm. per 100 ml. The serum bilirubin concentration at the conclusion of the transfusion was 1.6 mgm. per 100 ml., at the end of two hours it was 3.7 mgm. per 100 ml., and after twelve hours it was 1.3 mgm. per 100 ml.
The patient recovered uneventfully, and subsequently received several transfusions of both group-O and group-A blood without further incident. Studies confirmed that the blood of the donor was group-O, and that of the recipient was group-A. The donor cells were not agglutinated or hemolyzed in vitro by the serum of the recipient, either at room temperature or after incubation at 370 C. 
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of which had been demonstrated to be unusually high. The titers determined in these plasma preparations, tested against the recipient red cells, in 1 case was between 1: 500 and 1: 1000, and, in the remaining instances, between 1: 2000 and 1: 4000. The volume of plasma injected ranged from 250 ml. to 500 ml.
No clinical symptoms were produced as a result of these transfusions, and only 1 subject exhibited a slight transient febrile response, the oral temperature rising to 99.3°F. The effects of the injections on the levels of serum bilirubin, plasma hemoglobin and total hemoglobin concentrations are illustrated in Figure 1 . In each case a slight rise in serurm bilirubin concentration occurred, attaining a maximum in from 2 to 6 hours, and gradually subsiding to normal over a period of 12 to 24 hours. In 2 cases the plasma hemoglobin concentration rose to 10 mgm. per 100 ml., the peak concentrations developing within 30 minutes following the plasma injection, and the hemoglobinemia clearing completely in from 6 to 12 hundred and fifty to 500 ml. of plasma containing isoagglutinins in titers ranging from 1: 500 to 1: 2000 against the recipient cells were injected into four subjects whose blood groups were A or B. Note the definite increase in serum bilirubin and slight or absent elevation of plasma hemoglobin concentration. 629 hours. No significant elevation of plasma hemoglobin concentration was observed in the remaining cases, and in no instance was hemoglobinuria encountered. The total hemoglobin concentration showed only a slight initial decline, consistent with the anticipated effect of erythro-dilution due to the injected plasma.
The results of these experimental plasma transfusions appeared to correspond qualitatively with the observations made in cases receiving therapeutic transfusions of whole blood containing a high concentration of incompatible isoagglutinins. To be sure, none of the 4 individuals receiving cell-free plasma exhibited a chill or other significant clinical symptomatology; nor was the apparent degree of blood destruction, judged on the basis of hemoglobinemia and bilirubinemia, equivalent to that occurring in some of the clinical cases in which there was a febrile response to group-O whole blood, despite the fact that the plasma recipients were presumed to have received as high a dosage of incompatible isoagglutinins as did those who reacted to the injection of whole blood. Whether this apparent disparity in quantitative effect may be attributable to the presence of red cells in the donor blood, or to an enhanced susceptibility on the part of those patients, was not determined. It is possible that the in vitro estimation of relative isoagglutinin potency is an inadequate measure of the hemolytic property of the material when introduced into the recipient. The recipients were normal young adult males who had volunteered to serve as subjects for these experiments. Hemoglobin solutions were prepared by lysing, in distilled water, a citrated specimen of whole blood obtained from the prospective recipient. The isotonicity of the hemolysate having been restored and the red-cell stroma precipitated by the addition of crystalline sodium chloride, the-material was prepared for injection by passage through a Seitz filter. Injection of these solutions in no instance induced a febrile response or other unfavorable sequelae. Transient hemoglobinuria occurred in 1 subject (Case 4) who received 6.2 grams of hemoglobin, the lar- The hemolytic properties of incompatible group-0 blood and pooled plasma. Despite the infrequent occurrence of febrile reactions following the injection of incompatible isoagglutinins, it was suspected that asymptomatic hemolysis of recipient cells may be a common complication of this procedure. In order to evaluate this possibility and to determine quantitatively the degree of hemolysis produced, measurements of the blood volume, together with Ashby counts, were performed before and after a single transfusion of group-0 whole blood in 7 recipients whose blood groups were A or B. None of these patients had experienced recent hemorrhage. All were battle casualties convalescing from chest wounds, with the exception of Case 1, who was a patient with subacute glomerulonephritis.
The results of these studies are charted in Figure 3 .
It was observed that, in cases receiving no plasma transfusions, the percentage of group-O cells progressively declined from day to day, the rate of their disappearance being consistent with the expected rate of destruction of injected, 2-weeks-old red cells. In contrast to the findings in these cases, however, those patients receiving repeated plasma transfusions failed to demonstrate the expected decline in percentage of group-0 cells and, indeed, usually exhibited a persistent increase as long as this therapy was continued. It appeared, therefore, that the plasma recipients incurred a destruction of their own erythrocytes, which, in rapidity, equalled or exceeded that involving the transfused stored cells. More extended laboratory study of these patients, including serial measurements of the icterus index and hematocrit readings, demonstrated the development of progressive anemia and hyperbilirubine- One feature of interest was the finding of a definite increase in the osmotic erythrocyte fragility in all cases, with the exception of those patients of blood group-O. The fragility curves, determined 48 to 72 hours after injury, are charted in Figure 5 , with a notation of the patients' blood groups (0), (A) and (AB), as well as the amount of plasma (P) and whole blood (WB) received prior to the test. Ashby counts, carried out in saline solutions of various concentrations, indicated that the increase in osmotic fragility involved only the recipient cells. The patient showing the most striking change in osmotic fragility ( Figure 5 ) died on the 4th hospital day with an acute hemolytic anemia, progressively marked hemoglobinemia and hemoglobinuria having been present for 24 hours. In addition to 7000 ml. of pooled plasma, he had received 2500 The blood group of each patient, together with the amount of plasma (P) and whole blood (WB) received, are indicated with each fragility curve. The whole blood used was exclusively group-O. Note the increased osmotic erythrocyte fragility in patients whose blood groups were other than group-O. cytes. Combined Ashby counts and osmotic fragility tests further showed that all of his remaining group-A cells hemolyzed in concentrations of sodium chloride greater than 0.6 gram per cent, whereas the group-O cells, derived from transfusions, only began to hemolyze in solutions of less than 0.5 gram per cent sodium chloride. Another of the group-A patients demonstrated almost complete replacement of his own red cells by transfused cells, having received 10,000 ml. of pooled plasma and 6000 ml. of group-O whole blood in the course of 12 days. As in the case of the first patient described, his blood also exhibited a rapidly progressive increase in osmotic fragility affecting only his own red cells, as well as hemoglobinemia and hemoglobinuria for 2 days prior to death, which occurred on the 12th day following injury.
In order to determine whether these changes in osmotic fragility were, in fact, attributable to transfusion therapy rather than to the effects of the burn itself, or to other therapy accorded these patients, serial observations were made of the red cell osmotic fragility of 12 patients of blood group-A Rh + before and after transfusion with group-O blood containing anti-A agglutinins in various concentrations. Seven patients who received blood, the anti-A agglutinin titer of which exceeded 1: 200, showed a definite increase in osmotic fragility which was demonstrable promptly after transfusion. Five patients receiving agglutinins in lower titer showed no fragility changes; one of these, however, following a subsequent transfusion of low-titer blood, exhibited a markedly increased osmotic fragility of the red cells.
Similar studies carried out on group-O recipients indicated that no change in osmotic fragility occurred in these individuals following transfusion.
The effect of transfusion on the erythrocyte osmotic fragility in 5 group-A recipients of group-O blood is illustrated graphically in Figure 6 . The dotted line represents in each instance the fragility 635 before transfusion, and the solid line the fragility determined immediately following its conclusion. All of the patients whose fragility curves are charted in this illustration had received previous transfusions of group-O blood and pooled plasma, which prob4bly accounts for the deviations from the normal apparent in the pre-transfusion samples, inasmuch as similar abnormalities were never observed in individuals who had received no transfusions, or in patients of blood group-O. The irregular configuration of certain of these fragility curves is due to the fact that the blood examined contained a mixture of recipient cells and transfused group-O cells. This phenomenon of increased osmotic fragility of the red cells was demonstrable immediately following transfusion of blood containing a high concentration of incompatible agglutinins; the change was progressively more marked with repeated transfusions of this type; and, finally, the results suggested that red cells so affected remained abnormally susceptible to hemolysis in hypotonic solutions of sodium chloride until they eventually disappeared from the circulation.
DISCUSSION
It is concluded from these studies that the transfusion of pooled plasma or whole blood containing incompatible isoagglutinins may not be entirely a benign procedure. Unless these isoagglutinins are present in low titer, some destruction of recipient cells probably always occurs, which may be manifested solely by an elevation of serum bilirubin. The repeated administration of large amounts of group-O blood or pooled plasma to individuals whose blood groups are other than group-O, appears to result in marked and progressive destruction of the recipient's cells. This phenomenon is usually not accompanied by clinical symptoms such as are ordinarily associated with a transfusion reaction; therefore, except for the development of a variable degree of icterus and anemia, or failure of the anemia to respond to transfusion therapy as anticipated, the hemolytic process may be overlooked. That the destruction of red cells in such cases may be extensive has been illustrated by two cases with severe burns, in whom practically the entire red cell population had been replaced by group-O cells. Another example of this type, observed by the authors, was a patient with leptospirosis icterohemorrhagicae, in whom complete replacement of the recipient group-A cells with group-O cells could be demonstrated following multiple transfusions of pooled plasma and group-O blood.
The degree of hyperbilirubinemia following transfusions of incompatible plasma, as well as the promptness and constancy with which it was observed, was unexpectedly great in proportion to the development of hemoglobinemia. This evidence suggests that the major portion of blood cells destroyed by incompatible plasma is not hemolyzed in the free circulation, but in a site that is to some extent segregated, and in close proximity to the bilirubin-forming tissues. A similar situation may exist in certain naturally occurring hemolytic syndromes, for example congenital hemolytic jaundice, in cases of which hemoglobinemia is ordinarily absent, and in which hemolysis of the congenitally defective erythrocytes is presumed to take place chiefly in the spleen. Hemolytic syndromes attributable to hemolytic systems demonstrable in vitro, on the other hand, such as paroxysmal nocturnal hemoglobinuria and paroxysmal hemoglobinuria due to chilling, are characterized by hemoglobinemia, which is unaccompanied by significant hyperbilirubinemia. It is suggested that, in hemolytic diseases of the latter type, the erythrocytes are destroyed by the activated hemolysin intravascularly, as in the test tube, hemoglobin being liberated directly into the free circulation.
Dameshek and Schwartz (13) were able to produce hemolytic anemia in guinea pigs by injecting serum obtained from rabbits immunized against guinea pig erythrocytes. In large doses this serum, which contained agglutinins as well as hemolysins, produced marked hemoglobinuria and death; repeated small doses caused subacute anemia of moderate degree, without hemoglobinuria. With both schedules of dosage there resulted an increase in osmotic erythrocyte fragility. Evidence that corresponding effects may be produced in humans, following transfusion with incompatible plasma, is contained in the results of osmotic fragility studies reported in this communication. Thus, of 4 cases of blood groups A and AB, who received massive quantities of pooled human plasma in the treatment of severe burns, all exhibited a progressive increase of osmotic erythrocyte fragility. It is to be noted that Shen and Ham (14) have described changes in erythrocyte osmotic fragility in patients with severe burns. However, it is considered that the fragility changes described in the cases studied in the present series are probably not related to a thermal effect, for the patients' red cells were almost totally involved, the fragility changes were progressive over a period of several days, and did not occur when the patients' blood was group-0. Moreover, fragility changes of an identical character were observed following single transfusions of blood containing a high concentration of incompatible isoagglutinins, and multiple transfusions with low-titer agglutinins, in patients who had sustained no burn.
The mechanism of the increased osmotic fragility exhibited by recipients of incompatible plasma is unknown. The salient features of the phenomenon, however, are evidently related to the presence of a specific immunologic property of the incompatible plasma, and not due to a complication of disease or injury, or to some fortuitous, non-specific effect of the transfusion. It is uncertain whether, in these cases, the increased susceptibility of the erythrocytes to hemolysis in hypotonic solutions of sodium chloride is a factor contributing to the hemolytic syndrome, or whether it is merely an index of. red cell damage.
With regard to the practical aspects of transfusion therapy, no evidence has been obtained which suggests that the emergency use of group-O blood, containing a low titer of isoagglutinins, may be attended with undesirable consequences. It is important, however, that stored group-O blood, before it is designated for this purpose, should be examined for the concentration of isoagglutinins contained in the plasma, as was done by the Army Blood Bank in the latter phases of the European campaign, high-titer blood being reserved for group-O recipients. On the other hand, in cases requiring repeated transfusions, blood of a homologous group should be administered, unless the method of Witbsky (15), designed to neutralize the isoagglutinin potency by absorption with purified A and B substances, proves entirely satisfactory and becomes generally available. Further evidence is required before the limitations of plasma transfusion can be adequately defined. A significant titer of isoagglutinins is frequently demonstrable in commercial brands of dried human pooled plasma, and observations suggest that, when this material is employed in massive dosage or administered repeatedly to patients whose blood groups are other than group-O, rapid blood destruction may result. SUMMARY AND CONCLUSIONS 1. A study has been made of certain complications attending the transfusion of group-O blood and pooled plasma containing incompatible isoagglutinins. The investigation was conducted in a U. S. Army General Hospital and Evacuation Hospital, during the course of the European campaign.
2. Febrile hemolytic reactions, accompanied by chills, were rarely observed following either single or multiple transfusions of group-O blood into recipients whose blood groups were A, B or AB. Three reactions, accompanied by hemoglobinemia and hyperbilirubinemia, were observed in the course of 265 consecutive transfusions of this type, an incidence of 1.1 per cent. The isogglutinin titer of the blood implicated in these reactions in each case exceeded 1: 500.
3. Studies, whch included serial Ashby counts and, in some instances, blood volume measurements, indicated that asymptomatic blood destruction involving the recipient cells was occasionally produced by single, and almost invariably by multiple, transfusions of pooled plasma or group-O blood, when administered to patients of other blood groups.
4. In contrast to the findings after the injection of cell-free hemoglobin solution, a disparity was noted between the degree of hyperbilirubinemia and hemoglobinemia produced by these transfusions. This suggested that most of the hemolysis produced by incompatible plasma does not occur in the free circulation.
5. An increase in the osmotic fragility of the recipient erythrocytes was frequently observed following transfusions of group-O blood and pooled plasma in patients of blood groups other than group-O, the occurrence of this phenomenon being related to the concentration of incompatible isoagglutinins and frequency of their administration.
